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Introduction 
For over a hundred years geometrical illusions have been one of unsolved 
problems in psychology of perception. In the present experiment an attempt 
was made to demonstrate the hypothesis that geometrical illusions are largely 
due to peripheral processes. In my preceding experiment, it was found that the 
measured size of after-images which were produced from illusion figures, corres-
ponded to the apparent size rather than to the physical size of the stimulus 
figures (6). It was concluded from the finding that on the assumption that the 
size of after-image reflects the area of the retinal excitation, the retinal process 
is the source of geometrical illusions. However, there is no definite evidence 
showing that after-image is determined solely by the retinal excitation. Further-
more many investigators have demonstrated the effects of psychological factors 
such as set upon the appearance of after-image (5). 
Another method which enables to test this hypothesis is the observation 
of geometrical illusions through a pair of stereoscope: i.e., one eye is presented 
with the part of the illusion figure to be compared, e. g., two straight lines of 
the equal length, and the other eye with the additional lines, e.g., arrow fea-
thers in case of Mtiller-Lyer illusion so that through the stereoscope, S sees 
ordinary Mtiller-Lyer illusion. If geometrical illusions are due entirely to the 
pattern of the stimulus figure projected on the retina, no illusion would be ex-
perienced by the S in this stereoscopic observation. Since, in this viewing 
condition, each eye is not presented with the whole pattern of the geometircal 
illusion although he sees the whole figure as in ordinary observation. However, 
illusions which are not due to the pattern of stimulus but to the anisotropy 
of space, e.g. horizontal-vertical illusion, would appear the same in the stereo-
scopic and ordinary observations. Because, anisotropy of space is the pheno-
menon inherent in particular direction of elements of the figure in the space 
independent of the total configuration. 
Experiment 
Stimulus figures: Five geometrical illusions are used. Each illusion consists of two 
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kinds of figure; one for ordinary observation and the other for stereoscopic observ-
ation. As can be seen in Fig. 1, the stimulus figures for ordinary observation are 
usual geometrical illusions. For the stereoscopic observation, the ordinary illusion is 
divided into two parts: the part to be compared is presented to one eye and the addi-
tional lines to the other eye. When they are binocularly observed through a pair 
of the stereoscope, they appear the same to those in the ordinary observation. 
Each figure is drawn with India ink, 0. 5 mm. thick, on the separate sheets 
of white paper. 
The A-figure in Fig. 1 is the horizontal-vertical illusion. All lines are drawn 
in the same length, 25 mm. Subjects compared the apparent lengths of the hori-
zontal and vertical lines. 
The B-figure is a pair of Titchener illusion. The center circles are objectively 
the same size, 13 mm. in diameter. The apparent sizes of these central circles 
are compared by the Ss. 
The C-figure is a pair of Helmholz squares. These squares are 20 mm. in one 
side and the apparent vertical widths are compared. 
The D-figure is Miiller-Lyer illusion. The vertical line of 50 mm. long is 
equally divided at the center arrow. The apparent lengths of the upper and the 
lower parts of the straight line are compared by the Ss. 
The E-figure is Poggendorf illusion. Subjects are asked whether the slanted 
lines appear to become a straight line if extended. 
Procedure: Prior to the presentation of the stimulus figures, the S adjusted 
interocular distance of the stereoscope so that the figures for the stereoscopic 
observation which are drawn 60 mm. apart would be seen adequately fused. The 
observation proceeded in the following order in each figure. 
1. Ordinary observation: The ordinary figure was presented to one eye of 
the S through the stereoscope. The S is asked to tell the E which one of the 
horizontal lines appear longer (in the A-figure). 
2. Stereoscopic observation: The stereoscopic figure is presented to the S 
through the stereoscope. When the S can see adequately fused figure, he is asked 
to tell the E which of the two lines appear longer (in A-figure). 
3. Comparison between the ordinary and stereoscopic illusions : While the S 
is seeing the stereoscopic illusion, the S is presented with the ordinary illusion 
to his one eye so that he can simultaneously observe the ordinary and stereoscopic 
illusions. The S is asked to compare these figures and to tell the E the order 
of the apparent length of the lines presented. From S's report of the order of the 
apparent extent of the lines, it is possible to determine the relative amount of the 
ordinary and the stereoscopic illusions the S saw. 
The time of observation was allowed as long as desired by the S. The whole 
experiment took about 20 to 30 minutes for one S. 
The order of presenting the five illusions and the relative position of the or-
dinary and stereoscopic figures in the visual field are randomly varied between 
Ss. The eye of presenting the ordinary figure and the main part of stereoscopic 
figure is also randomly varied between Ss. Thus the effect of relative position in 
visual field upon apparent size was minimized. 
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Fig. 1. Stimulus figures 
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5ubjects: A total of 25 college students specialyzing psychology participated in 
the experiment. Most of them know about and have seen some of the illusions used. 
But they were not informed the purpose of the experiment and were instructed to 
give naive judgments. 
Results 
The data were analyzed in two ways. 
(1) The number of Ss who saw the illusion was counted and a comparison 
was made between the ordinary and the stereoscopic observations. In Table 1, 
2 x 2 contingency tables are presented for each illusion. As can be seen in 
Table 1. The number of Ss who saw and did not see illusion 
in the ordinary and the stereoscopic observations 
Horizontal-Vertical Titchener Circle ~, Ill. No Ill. Total . 
Ill. 
I 
22 0 22 
No Ill. 3 0 3 
Total I 25 0 25 
X2=2. 25 P>.05 
Helmholz Square 
' , Ord. I 
Ste:.',~ 
Ill. No Ill. Total 
Ill. 
I 
16 0 16 
No Ill. 9 0 9 
Total I 25 0 25 
X2 =8.10 p<.01 
Ste:'"'"'. 
~ Ord. I 
Ill. 
I No Ill. 
Total I 




No Ill. 15 0 









No Ill. 11 
Total I 25 
X2 =11.10 
Poggendorf 
Ill. No Ill. Total 
11 1 12 
10 3 13 
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these tables, most of the Ss saw illusion in ordinary observation in all five 
figures. In contrast, about half of the Ss saw illusion in the stereoscopic 
observation except in the A-figure. The Chi-square tests were carried out on 
the null hypothesis that there is no difference in the distribution of Ss who 
saw and did not see the illusion between the ordinary and the stereoscopic 
observations. Yates' correction was performed in all cases. The results of 
Chi-square tests were significant beyond 1 % level in B-, C-, D-, and E-figures 
but was not significant in A-figure. Thus it can be said that with exception of 
horizontal-vertical illusion, the number of Ss who saw illusion in the stereoscopic 
viewing was significantly less than that who saw illusion m the ordinary 
viewing. 
(2) Based on the order of apparent size reported in the last part of the 
observation, the relative amounts of the ordinary and the stereoscopic illusions 
were compared. If, for instance, the order of apparent length of the lines 
reported by a S is, from the longest to the shortest, the left vertical line 
(ordinary figure), the right vertical line (stereoscopic figure), the right horizontal 
line (stereoscopic figure), and the left horizontal line (ordinary figure in A-
figure), then he saw a greater amount of the ordinary illusion than the stereo-
scopic illusion. In this way the orders of apparent size of the lines were classi-
fied into three categories: In the A-figure, the orders classified to the category 
"the amount of the ordinary illusion greater than that of the stereoscopic il-
lusion" are: O-V (the vertical line in the ordinary figure) > S-V (the vertical 
line in the stereoscopic figure)> S-H (the horizontal line in the stereoscopic 
figure)> O-H (the horizontal line in the ordinary figure); O-V > S-V = S-H 
> O-H; O-V > S-V > S-H = 0-H, etc. The orders classified to the category 
"the stereoscopic illusion greater than the ordinary illusion" are the reversal of 
the above mentioned orders. The orders classified as "the amount of the ordinary 
and stereoscopic illusions the same" are : O-V > O-H > S-V > S-H; O-H = 
S-V > O-V = S-H; O-V > S-V > O-H > S-H, etc. Then the number of Ss 
in each category was counted for each figure and summarized in Table 2. 
Table 2. The relative amount of ordinary and stereoscopic 
illusions. (Figures in the table are the number of Ss) 
------~---- Illus1ons I I I I 
Amount of I!;:;;~-;;------ _ H-V Titchener Helmholz M-L 
Ord. <Ster. 4 1 0 1 
Ord. =Ster. 11 4 11 5 
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As can be seen in the Table 2, the same tendency is found in all illusions, 
that is, most Ss saw greater amount of illusion in the ordinary than in the 
stereoscopic observations and only few Ss saw less amount of illusion in the 
ordinary than in the stereoscopic illusions. Although this tendency was not 
significant with Chi-square test in horizontal-vertical illusion, it was significant 
in all other illusions. 
Thus two analyses are in agreement that with exception of horizontal· 
vertical illusion, all geometrical illusions tested showed a significant difference 
in the appearance between in the ordinary and the stereoscopic observations. 
The amount of illusion tended to decrease when the figures were viewed ste-
reoscopically. 
Discussion and Conclusion 
The results of this experiment supported the hypothesis that geometrical 
illusions such as Titchener circle, Helmholz square, Miiller-Lyer, and Poggendorf, 
are largely due to peripheral processes. Specifically, since in the stereoscopic 
observation where the configuration of the illusion figure was broken down into 
the main part and the additional part, and the each part was presented to the 
respective eyes, most of Ss did not experience the illusion, the major source 
of seen illusion is not in the elements of the stimulus figure but is in the 
total pattern of the stimulus projected to the eye. Since the configuration recom-
posed in the visual center did not produce the experience of illusion, the 
source of the seen illusion cannot be in the central processes. 
On the other hand, the horizontal-vertical illusion was not destructed even 
in the stereoscopic observation. This fact indicates that the source of horizontal· 
vertical illusion is not the configuration of retinal stimulation, but the elements 
of the figure. And this finding demonstrates that so-called anisotropy of perceived 
space is of a peripheral source., i.e., if two retinal stimuli are objectively of 
the same extent, the vertical extent is overestimated to the horizontal extent. 
Therefore, horizontal-vertical illusion is also due to the retinal process. 
This experiment confirmed the findings of the preceding experiment on the 
after-image of geometrical illusions (6). 
The physiological findings by Motokawa substanciate our psychological 
findings (4). He found a correspondence between the appearance of geometrical 
illusions and the field of the retinal induction produced by geometrical illusions 
such as Miiller·Lyer, Helmholz square, horizontal-vertical illusion. Poggendorf 
illusion may be explained on the same principle underlying Zollner and Hering 
illusions. Although color and brightness contrasts have been investigated with 
the same method by him, no experiment has been reported on the size contrast 
which underlies the Titchener circle illusion (3). 
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These findings indicate that the process in peripheral level is not correlated 
with the physical stimuli in one to one relationship. Rather, it is dynamic 
and field like. It seems to me that Kohler's theory of cortical field has no 
psychological as well as physiological evidences with respect to geometrical 
illusions. Instead, we have to assume such field like process in peripheral level. 
This does not necessarily mean that there is no effects of central processes 
upon illusion. Many experiments have shown psychological factors such as set, 
learning, developmental level, affect the amount of seen illusions (1, 2, 7, & 8). 
In fact, some of our Ss saw illusion in the stereoscopic observation. Our task 
in fut ure is to find the relationship between the peripheral processes and the 
central processes in perception. 
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Résumé 
L'auteur a éprouvé l'hypothèse que la cause d'illusion opticogéométrique est 
réduite au processus périphéral par l'illusion verticale et holizontale, le cercle de 
Titchener, le carré de Hehnholz, la figure de Poggendorf, et celle de Müller-
Lyer. 
Les subjects observaient les figures sous (1) la condition normale, (2) la condi-
tion avec stéréoscopie où la partie principale de la figure se présente dans un oeuil 
et son autre partie additionale à l'autre, et (3) ils rapportaient la grandeur relative 
d'illusion dans deux observations. 
Les résultats obtenus sont suivants: sous la condition avec stéréoscopie, il y 
a mains de sujets qui observaient l'illusion, que sous la normale, et la grandeur 
d'illusion est plus petite dans la seconde condition que la première. Ces résultats 
soutiennent l'hypothèse susmentionnée. Il paraît que le processus périphéral ne 
corresponde pas au stimulant physique un contre un, mais il ait la caractère 
de champ. 
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Zusammenfassung 
U eher die vertikale-vorizontale optische Täuschung, Titchenersche Kreis, 
Müller-Lyersche Täuschung, Helmholzsvierecke und Poggendorffsche Figure, wurde 
die folgende Hypothese geprüft dass die Ursache der optischen Täuschungen in 
den peripherischen Prozessen liege. 
Im V ersuche berichteten die V pn, (1) über die optischen Taüschungen bei den 
natürlichen Beobachtungen, (2) über die optische Taüschungen bei den stereoskopis-
chen Beobachtungen, wenn die Hauptteile der Figure in einem Auge und die 
Nebenteile der Figure in anderem Auge vorgelegt werden, (3) über den ralativen 
Täuschungsgrad der natürlichen Beobachtungen und der stereoskopischen Beobach-
tungen. 
Die gefundenen Ergebnisse sind: die Zahl der Vpn, welche die optische Täusch-
ung bei der stereoskopischen Beobachtungen erlebte, war weniger als die jenige 
der Vpn der natürlichen Beobachtungen und auch war der Grad der Täuschungen 
bei den stereoskopischen Beobachtungen weniger als bei den natürlichen Beoba-
chtungen. 
Es scheint, dass unsere Hypothese unterhalten. Die peripherischen Prozesse 
entsprechen nicht den physikalischen Reizen mit eins gegen eins sondern, haben 
die Eigenschaft des "Felds". 
